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@ Catalyst preparation. 

@ Process for preparing catalyst, t>y icneading and/or 
impregnation which comprises 3-60 pbw cobalt and 0.1-100 
pbw of zirconium, titanium and/or chromium per 100 pbw 
since and/or alumina and which has such L and S as to satisfy 
the reletlon 



(3 -h 4R) > - > (03 4- 0.4R), 
S 

wherein L » total quantity of cobalt present on catalyst (mg 
Co/ml), S «s the surface area of catalyst m'/ml, and R « weight 
ratio of cobalt deposited on catalyst by Icneading to total 
quantity of cobah on catalyst 

Catalyst is suitable for synthesis of hydrocarbons from 
ayntiiesls gas. 
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The invention relates to a process for the preparation of 
a catalyst suitable for the conversion of a mixture of carbon 
monoxide and hydrogen into hydrocarbons. 

The preparation of hydrocarbons from a H2/CO mixture by 
contacting this mixture at elevated temperature and pressure 
with a catalyst is known in the literature as the Fischer*^ 
Tropsch hydrocarbon synthesis. Catalysts often used for the 
purpose comprise one or more metals from the iron group, to- 
gether with one or more promotors, and a carrier material. 
These catalysts can suitably be prepared by the known tech* 
niques» such as precipitation* impregnation, kneading and 
melting. The products ^ich can be prepared by using these 
catalysts usually have a very wide range of molecular weight 
distributions and, in addition to branched and unbranched 
paraffins, often contain considerable amounts of olefins and 
oxygeu'-'containing organic compounds. Usually only a minor 
portion of the products obtained is made up of middle distil- 
lates. Of these middle distillates not only the yield but also 
the pour point is unsatisfactory. Therefore the direct convers- 
ion of H2/CO mixtures according to Fischer-Tropsch is not a 
very attractive route for the production of middle distil- 
lates on a technical scale. 

In this patent application 'Hniddle distillates" should he 
taken to be hydrocarbon mixtures whose boiling range corres- 
ponds substantially with that of the kerosine and gas oil 
fractions obtained in the conventional atmospheric distillat- 
ion of crude mineral oil. During said distillation, from the 
crude mineral oil are separated in succession: one or more 
gasoline fractions having a boiling range between 30 and 200*C, 
one or more kerosine fractions having a boiling range between 
140 and 300*C and one or more gas oil fractions having a 
boiling range between 180 and 370*C. 
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Recently a class of Fischer-Tropsch catalysts was found 
t*ich have the property of yielding a product in which only 
very few olefins and oxygen-containing coapounds occur and 
«hich consists virtually completely of unbranched paraffins, 
a considerable portion of tAich paraffins boils above the 
oiddle distillate range. It has been found that by using a 
catalytic hydrotreat««nt this product can be converted in 
high yield into niddle distillates. As feed for the hydro- 
treatsasnt at least the part of the product is chosen ^hose 
initial boiling point lies above the final boiling point of 
the heaviest aiddle distillate desired as end product. The 
hydrotreatoent, ^ich is charscterised by a very Ic^ hydrogen 
consunrption. leads to saddle distillates nith a considerably 
better pour point than those obtained in the direct conversion 
of a H2/CO mixture according to Fiacher-tropsch. 

The Fischer-Tropsch catalysts belonging to the above- 
«^ntioned class contain silica, alumina or silica-aWna as 
carrier taaterial and cobalt together with sirconium. titanium 
and/or chroaiu« as catalytically active aetals, in such quan- 
tities that the catalysts comprise 3-60 pbs cobalt and 0.1-100 
pb» of at least one other sffltal chosen from sirconium. titanium 
or chroaiuB per 100 pbn carrier material. The catalysts are 
prepared by depositing the ntetals involved on the carrier 
material by tcneading and/or isapregnation. 

The catalyst preparation by impregnation is carried out by 
contacting a porous carrier ^th a compound of the relevant 
^tal in the presence of a liquid, followed by removal of the 
liquid. Like^se. in the catalyst preparation by kneading a 
porous carrier is contacted tyith a compound of the relevant 
metal in the presence of a liquid, followed by removal of the 
liquid, the diotinction being that preceding and/ or during the 
r«EOval of the liquid the cos^position is subjected to intensive 
a^echanical treati=ant, such as pressing, kneading or winging, 
^ich as a rule leads to a considerable reduction of the par- 
ticle sise of the carrier Eiaterial and to the composition 
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taking on the consistency of a paste. Usually several hours' 
kneading in a suitable kneading machine is sufficient to attain 
the desired homogeneity of distribution of the components over 
the mixture. The intensive mechanical treatment during which 
there is a considerable reduction of the particle size of the 
carrier material is the main difference between the kneading 
route and the impregnation route. It is true that during the 
preparation of a catalyst by impregnation there may be a stage 
at «blch the composition contains an amount of liquid corre- 
sponding to that present in the paste mentioned hereinbefore 
and that some mechanical energy may be isupplied to the com- 
position, for instance by stirring, but on the whole the 
particle size of the carrier material will remain virtually 
unchanged during the catalyst preparation by impregnation. 

In the case of the present catalysts which in addition to 
cobalt comprise an other metal, the term "catalyst preparation 
by kneading and/or impregnation" as used in the present patent 
application includes every possible variant in which the two 
metals have been deposited on the carrier in this way. For 
instance, the cobalt may be deposited on the carrier entirely 
be kneading and the other metal entirely be impregnation, but 
it is also possible to deposit part of the cobalt and/or the 
other metal by impregnation, whilst the rest is deposited by 
kneading; Likewise, there is a free choice as to the order in 
which the metals are deposited on the carrier and the nxsmber 
of steps used to carry out the catalyst preparation. 

Further investigation into the preparation and the per- 
formance of the above-mentioned cobalt catalysts has now re- 
vealed that where activity and stability are concerned, their 
performance depends to a great extent on three factors* viz. 

a) the total quantity of cobalt present on the catalyst, 

b) the weight ratio of the quantity of cobalt deposited on the 
catalyst by kneading to the total quantity of cobalt present 
on the catalyst, and 

c) the surface area of the catalyst. 
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It has been found that the catalysts show optinun perform- 
ance as to activity and stability when they satisfy the relat- 
ion (3 + 4R) > — > (0,3 + 0.4R). rfierein 
S 

L - the total quantity of cobalt present on the catalyst, ex- 
pressed 88 sg Co/ml catalyst, 

S « the surface area of the catalyst expressed as cata- 
lyst, and 

R - the weight ratio of the quantity of cobalt deposited on the 
catalyst by kneading to the total quantity of cobalt pre- 
sent on the catalyst. 
Since R can vary between 0 (for a catalyst onto which the 
cobalt hajs been deposited exclusively by uqiregnation) and 1 
(for a catalyst onto which the cobalt has been deposited ex- 
clusively by kneading), the present invention <»nly relates to 
catalysts having a quotient of L by S higlier than 0.3 but lower 
than 7. Dependitfg on the aanner in which the cobalt has been 
deposited, the above-mentioned relation can be used to indicate 
_ within the range 0.3-7 - the area riierewithin the quotient of 
L by S should lie in order to ensure optimum catalyst perform- 
ance. The catalysts whose quotients of L by S satisfy the 
above-mentioned- relation are novel. 

The present patent application therefore relates to a 
process for the preparation of a catalyst in which a catalyst 
is prepared by kneading and/or impregnation, which catalyst 
comprises 3-60 pbw cobalt and 0.1-100 pbw of at least one other 
metal chosen from alrconinm, titanium or chromiim per 100 pbw 
silica, alumina or silica-alumina and whose L and S are such as 
to satisfy the relation 

(3 ♦ 4 R) > - > (0.3 + 0.4 R). 

' S 

On the basis of the value of R the catalysts irfjich can be 
prepared according to the invention may be divided into three 
■uin classes, via. 
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I) catalysts wherein R * 0» 
II) catalysts wherein R » 1, and 
III) catalysts wherein 1 > R > 0. 

The catalysts belonging to class I may further be divided 
5 into two subclasses, vias. 

IA) catalysts in the preparation of which impregnation has 
been used exclusively^ and 

IB) catalysts in the preparation of which both impregnation 
and kneading have been used, but in which the cobalt has 

IQ been deposited exclusively by impregnation. 

The catalysts belonging to class II may also be further 
divided into two subclasses, viz. 

IIA) catalysts in the preparation of which kneading has been 
used exclusively, and 
15 IIB) catalysts in the preparation of which both impregnation 
and kneading have been used, but in which the cobalt has 
been deposited exclusively by kneading. 
The catalysts belonging to class III are characterized in 
that the cobalt has been deposited partly by impregnation and 
20 partly by kneading. 

Bach of the above-mentioned classes offers a wide range of 
possibilities of variation, depending, among other things, on 
the number of steps used to carry out the preparation, on the 
order in ^ich the metals are deposited and on whether during 
25 the treating steps the metals are deposited together or indi- 
vidually. 

In order to give an impression of the possibilities of 
variation within a certain class, a schematic enumeration of a 
number of methods of preparing the catalysts belonging to 
30 class lA is given hereinafter. Since in the preparation of the 
catalysts belonging to this class, as in the preparation of 
the catalysts belonging to class IIA, there is only one way of 
depositing the metals (exclusively by impregnation in class lA 
and exclusively by kneading in class IIA), the possibilities 
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of variation of these two classes are relatively few in cesr- 
pariaon with the other clasaeo. The enuaeration has been re- 
stricted to aiethods of preparation in «hich at most three 
iiBpregnation steps are carried out. For the sake of simplicity 
in the scheoatic representation impregnation isith a cobalt 
coopoond is given as "Co", isipregnation with a compound of 
another metal sis "Zr", and siemltaneous impregnation m.th a 
cobalt cos^ound and a compound of another aietal (what is call- 
ed co-iapregnation) as (Co + Zr) . If one confines oneself to 
methods of preparation in ^ich exclusively separate impreg- 
nations or esclusively co-impregnation are used, the follot?ii« 
possibilities offer: 
one step : (Co Zr) 

two steps : Co/Zr; Zr/Co; (Co * Zr)/(Co + Zr) 
three etepa: Co/Co/Zr; Co/Zr/Zr; Zr/Co/Coj Zr/Zr/Co; Co/Zr/Co; 
Zr/Co/Zr; (Co + Zr)/(Co « Zr)/(Co + Zr). 
If in addition there is taSten into account the possibility 
of the preparation being carried out by a coabinatioa of sepa- 
rate impregnaticm with co-iavregnation, then the number of 
possibilities off variation will be mich bigger yet. For in- 
stance, in the two-atep process the following embodiments may 
also be considered: Co/ (Co * Zr); Zr/(Co * Zr); (Co * Zr)/Co; 
(Co + Zr)/Zr. 

Both when the jsetal is deposited by impregnation and when 
the metal ia deposited by heading the carrier material is 
first contacted \^ith a compound of the relevant metal in the 
presence, of a liquid . As metal *conq>ound8 both organic and 
inorganic compounds are eligible. Mixtures of metal ecmpcsunds 
may also be used. The liquids used may be organic or inorganic. 
Mistures of liquids nay also be used. Both during iopregnatioh 
and during kneading it ia preferred to contact the carrier 
caaterial with a solution of the relevant metal compound in a 
solvent. For the deposition of cobalt preference is given to 
the use of a solution of «an inorganic cobalt solution in water. 
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For the deposition of the other metal it is preferred to use 
a solution of an organic metal compound in an organic solvent 
or mixture of organic solvents. It is preferred that the 
organic solvent consist at least partly of a ^-^diketone or 
a /S-keto-ester . Especially preferred are solvents containing 
more than 0.5 gram molecule of a /J-d ike tone or a /S-keto^ester 
per gram atom of the other metal. If a certain metal is de- 
posited in more than one step, the various steps can be carried 
out using different compounds of the metal involved and differ- 
ent solvents. The amounts of liquid used during impregnation 
may vary within vide limits. The quantity of liquid used may 
be equal to, or smaller or larger than, the pore volume of the 
carrier to be impregnated.' It is preferred in the impregnation 
to use a quantity of liquid the volume of vhich corresponds 
Substantially to the pore volume of the carrier to be impreg- 
nated. The quantities of liquid used during kneading may also 
vary within vide ranges; however, care should be taken that 
during kneading so much liquid is present that, together vith 
the carrier material and the metal compound, under the action 
of the intensive mechanical treatment it can produce a compo- 
sition having the desired pastel-like consistency. A surplus of 
liquid, if any, can be removed from the composition, before or 
during kneading by evaporation. It is preferred during the 
kneading to use a quantity of liquid the volume of which, 
corresponds to 110-1 90Z of the pore volume of the carrier. 

In the catalyst preparation according to the invention the 
liquid present in the composition is preferably removed after 
each step in which a metal compound has been deposited on the 
carrier material, for instance at an elevated temperature, 
before the composition is oxice more contacted with a metal com- 
pound in a following stfep. After the last step of depositing 
a metal compound on the carrier the composition is calcined. 
It is preferred in the catalyst preparation according to the 
invention to calcine the composition obtained after each 
treatment step. 
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Aa stated hereinbefore, the present invention compriaes a 
large nuober of variant preparation methods «hich differ froa 
one another chiefly in the Mnnero in which the metals are 
deposited on the carrier nuiterial (exlusively by kneading, 
exclusively by inapregnation or by a combination thereof), the 
nuaber off steps in xSiich the preparation is carried out and the 
order in tJhich the oetals are deposited. The catalysts are 
preferably prepared by one of the three procedures following 

a) first cobalt is deposited in one or aore steps by impreg- 
nation, and subsequently the other metal is deposited in one 
or more steps, ialso by iiapregnation, 

b) first the other saetal is deposited in one or more steps by 
impregnation, and subsequently cobalt is deposited in one or 
more steps, also by impregnation, and 

c) first cobalt is deposited in one or more steps by kneading 
and aubsequently the other oetal is deposited in one or Eore 

steps by impregnation. 

The quantities of metal deposited on the catalysts accord- 
ing to the invention are 3-60 pbu per 100 ph^ carrier for 
cobalt, and 0.1-100 pbw per 100 pbv carrier for the other 
metal. It is preferred to prepare catalysts containing 15-50 pbw 
cobalt per 100 pbw carrier. The preferred quantity to be de- 
posited of the other octal is dependent on the way in «hich 
this seetal is deposited. In the modes of preparation in which 
first the cobalt is deposited on the carrier and then the other 
metal, preference is given to the preparation of catalysts con- 
taining 0.1-5 pb^j of the other metal per 100 pb» carrier. In 
the modes of preparation in ^ich first the other metal is de- 
posited on the carrier and then the cobalt, preference is given 
to the preparation of catalysts containing 5-«0 pb» of the 
other metal per. 100 pb« carrier. Preference is gi'en to the 
use of zirconiuQ as other cetal and silica as carrier material. 

The catalysts prepared according to the process of the 
invention are escellently ouitable for use in the preparation 
of hydrocarbons froB a misture of carbon monoside and hydrogen. 
The present patent application therefore also relates to a 
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process for the preparation of hydrocarbons from a H2'-and-C0- 
containing feed by using a catalyst which has been prepared 
according to the invention. Before they are suitable to be 
used for this purpose the catalysts must first be reduced. This 
reduction may very suitably be carried out by contacting the 
catalyst at a temperature between 200 and 350 'C with a hydro- 
gen-containing gas. The conversion of the H2-and-C0-containing 
feed into hydrocarbons is preferably carried out at a tempera- 
ture of 125-135*C and in particular of 175-275'C and a pressure 
of 5-150 bar and in particular of 10-100 bar. 

H2-and-C0-containing feeds i^ich are eligible to be con- 
verted into hydrocarbons by using a catalyst prepared according 
to the invention may very suitably be obtained from a heavy 
carbonaceous material^ such as coal, by gasification, or from 
light hydrocarbons, such as natural gas, by steam reforming or 
partial oxidation. Suitable H2-and-C0-containing feeds may 
also be obtained by separating a fraction containing unconvert- 
ed hydrogen and carbon monoxide and other components, if 
desired, from the reaction product obtained by contacting a 
H2/CO mixture with a catalyst containing one or more metal 
components having catalytic activity for the conversion of a 
H2/CO mixture into hydrocarbons and/or oxygen-containing 
organic compounds. In this partial conversion of the H2/CO 
mixture, depending on the catalyst chosen therefor, there will 
be produced either mainly aromatic hydrocarbons, or mainly 
paraffinic hydrocarbons or mainly oxygen-containing organic 
compounds. If in the partial conversion it is the object to 
produce mainly aromatic hydrocarbons, use, can very suitably be 
made of a catalyst mixture containing either a methanol or di- 
methyl ether synthesis catalyst or a Fe/Mg/Al203 or Fe/Cr/SL02 
catalyst prepared by impregnation, together with a crystalline 
metal silicate which is characterized in that after one hour's 
calcination in air at 500*C it has the following properties 
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a) an X-ray powder diffraction pattern in which the strongest 
lines are the lines given in Table A 

TABLE A 
d(A} 
11.1 +0,2 
10,0 +0.2 
3.84 ^ 0.07 
3.72 ^ 0.06, and 

b) in the fomula which represents the composition of the sili-* 
cate expressed in soles of the oxides and which, in addition 
to Si02» includes one or oore. oxides of a trivalent metal M 
chosen from the group formed by aluminium, iron, gallium, 
rhodium, chroodura and scandius, the Si02/H203 molar ratio 
is higher than 10. 

If in the partial conversion it is the object to produce 
mainly paraffinic hydrocarbons, use can very suitably be made 
of the above-mentioned Fe/Mg/Al203 or Fe/Cr/Si02 catalysts 
prepared by impregnation. If the partial conversion is carried 
out with the object of producing oxygen-containing organic 
compounds, use can very suitably be made of a methanol or di-* 
15 methyl ether synthesis catalyst. Methanol S3mthe8i8 catalysts 
suitable for use in the partial conversion are ZnO/Cr203 and 
Cu/Zn0/Cr203 catalysts. A dimethyl ether synthesis catalyst 
suitable for use in the partial conversion is a mixture of 
gamma-Al203 and the Cu/ZnO/Cr203 methanol synthesis catalyst 
^® mentioned before. 

The H2"and-C0-containing feed which is converted into 
hydrocarbons by using a catalyst prepared according to the 
invention preferably has a H2/CO molar ratio higher than 1«5. 
If the feed has a H2/CO molar ratio lower than 1.5, the 
25 latter is preferably raised to have a value between 1.5 and 2.5 
and in particular a value between 1.75 and 2.25 before it is 
contacted with the cobalt catalyst. The B2/CO molar ratio of 
low-hydrogen feeds may be raised, for instance, by adding 
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hydrogen, removing carbon monoxide, mixing with a hydrogen«*rich 
H2/CO mixture, or subjecting the low-hydrogen feed to the CO 
shift reaction. 

As remarked hereinbefore, the catalysts prepared according 
5 to the invention when used for the conversion of a H2'-and-C0- 
containing feed yield a substantially paraffinic product whose 
higih-boiling part can be converted in high yield into middle 
distillates by the use of a catalytic hydrotreatment • The feed 
for the hydrotreatment chosen is at least the part of the pro- 

IQ duct whose initial boiling point lies above the final boiling 
point of the heaviest middle distillate desired as end product. 
The catalytic hydrotreatment is carried out by contacting the 
fraction to be treated at elevated temperature and pressure and 
in the presence of hydrogen with a catalyst containing one or 
more metals with hydrogenation activity supported on a carrier. 
Examples of suitable catalysts are sulphidic catalysts contain- 
ing nickel and/or cobalt and, in addition, molybdenum and/or 
tungsten supported on a carrier such as alumina or silica- 
altmina* In the catalytic hydrotreatment it is preferred to use 

20 s catalyst containing one or more noble metals from group VIII 
supported on a carrier. The quantity of noble metal present on 
the carrier may vary within wide limits, but often it will be 
0.05^5 Zw. The noble metals from group VIII which may be pre- 
sent on the carrier are platinum, palladium, rhodium, ruthenium, 

25 iridium and osmium, platinum being preferred. Two or more of 
these metals may be present in the catalysts, if desired. The 
quantity of the group VIII noble metal present in the catalyst 
is preferably 0.1*2 Zw and in particular Q.1-1 Zw. Examples of 
suitable carriers for the noble metal catalysts are amorphous 

30 oxides of the elements from groups II, III and IV, such as 

silica, alumina, magnesia and zirconia, as well as mixtures of 
these oxides, such as silica-alumina, silica-magnesia and 

silica-sirconia and seolitic materials, such as mordenite and 
faujasite. As carriers for the noble metal catalysts aluminas 
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and silica-aluninas are preferred. A noble metal catalyst very 
suitable for the present purpose is a catalyst containing one 
or more noble metals from group VIII supported on a carrier, 
13-15 2w of which carrier consists of altmina^ the remainder 
of silica. Suitable conditions for carrying out the catalytic 
hydrotreatment are a temperature of 175-400*C, a hydrogen 
partial pressifre of 10-250 bar, a space velocity of 0.1-5 
kg.l-l.h-1 and a hydrogen/oil ratio of 100-5000 Nl.kg"!. The 
catalytic hydrotreatment is preferably carried out under the 
following conditions: a temperature of 250-350*C, a hydrogen 
partial pressure of 25-150 bar, a space velocity of 0.25-2 
kg.l^l.h"^ and a hydrogen/oil ratio of 250-2500 Nl.kg"*!. A 
suitable choice of catalyst and treating conditions offers 
the possibility of producing in the catalytic hydrotreatment 
from a heavy fraction of the product prepared over the cobalt 
catalyst not only middle distillate, but also lubricating oil 
having a high viscosity index. 

The invention is now illustrated with the aid of the 
following example. 
Catalyst preparation 

21 Co/Zr/Si02 catalysts (Catalysts 1-21) were prepared 
by impregnating and/or kneading silica carriers with solutions 
of cobalt and zirconium compounds. Furthermore there was pre-- 
pared one Co/Ti/Si02 catalyst (Catalyst 22) by impregnation 
of a silica carrier with a solution of a cobalt compound and 
with a solution of a titanium compound. 

In each impregnation step a quantity of solution was used 
the volimie of which corresponded substantially with the pore 
volume of the carrier involved. After each impregnation step 
the solvent was removed by heating and the material was cal- 
cined at 500*C. 

In each kneading step a quantity of solution was used the 
volume of which corresponded substantially with 150Z of the 
pore volimie of the carrier involved. In each kneading step the 
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mixture was kneaded in a macerator for three hours. During the 
kneading a small portion of the solvent was removed by heating « 
After each kneading step the paste obtained was collected from 
the macerator, the remainder of the solvent was removed by 
5 heating, and the material was ground and calcined at SOO^C. 
Catalysts 1-22 were prepared as follows. 
Catalysts 1-^5 

Three-step impregnation of various silica carriers with a 
solution of zirconium tetra-n-propoxide in a mixture of n-* 
10 propanol and benzene, followed by one-step impregnation of the 
zirconium-loaded carriers with a solution of cobalt nitrate in 
water. 

Catalysts 6, 7 and 9 

One-step impregnation of various silica carriers with a solut- 
15 ion of cobalt nitrate, followed by one-step impregnation of the 
cobalt-'loaded carriers with a solution of zirconium nitrate in 
water. 
Catalyst 8 

One-step co-impregnation of a silica carrier with a solution of 
20 cobalt nitrate and zirconyl chloride in water. 
Catalyst 10 

Two-step impregnation of a silica carrier with a solution of 
cobalt nitrate in water, followed by one-step impregnation of 
the cobalt-loaded carrier with a solution of zirconium nitrate 
25 in water. 
Catalyst 11 

One-step co-impregnation of a silica carrier with a solution of 
cobalt nitrate and zirconium nitrate in water. 
Catalyst 12 

30 One-step impregnation of a silica carrier with a solution of 
cobalt nitrate in water, followed by kneading of the cobalt- 
loaded carrier with a solution of zirconium nitrate in water. 
Catalyst 13 

Kneading of a silica carrier with a solution of zirconium 
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tetra-n-propoxide in a nixture of n-propanol, acetyl acetone 
and benzene, followed by one-step impregnation of the zircon- 
ium-loaded carrier with a solution of cobalt nitrate in water. 
Catalysts 14-17 
5 Kneading of various silica carriers with a solution of cobalt 
nitrate in vater» followed by one-step impregnation of the 
cobalt-loaded carriers with a solution of zirconyl chloride in 
water. 
Catalyst 18 

10 Co-kneading of a silica carrier with a solution of cobalt 
nitrate and zirconium nitrate in water. 
Catalyst 19 

Kneading of a silica carrier with a solution of cobalt nitrate 
in water, followed by kneading of the cobalt-loaded carrier 
15 with a solution of zirconium nitrate in water. 
Catalyst 20 

Kneading of a silica carrier with a solution of zirconium 
nitrate in water, followed by kneading of the zirconium- loaded 
carrier with a solution of cobalt nitrate in water. 

20 Catalyst 21 

Three-step impregnation of a silica carrier with a solution of 
zirconium tetra-n-propoxide in a mixture of toluene and acetyl 
acetone, followed by kneading of the zirconium- loaded carrier 
with a solution of cobalt nitrate in water. 

25 Catalyst 22 

Three-step impregnation of a silica carrier with a solution of 
tetraisopropyl ortho-titanate in a mixture of isopropanol and 
acetyl acetone, followed by one-step impregnaiton of the 
titanium- loaded carrier with a solution of cobalt nitrate in 

30 water. 

Further information on Catalysts 1-22 is given in Tables I 
and II. 
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In the case of the catalysts listed in Table I the cobalt 
was deposited exclusively by impregnation. For these catalysts 
R " 0» and therefore the quotient of L by S should, according 
to the invention, lie between 0.3 and 3, Of the catalysts 
5 listed in Table I Catalysts 2, 3, 5, 9, 11-13 and 22 are cata- 
lysts according to the invention, having L/S between 0.3 and 3. 
Catalysts 1, 4, 6-8 and 10, having L/S <0.3 or >3, fall outside 
the scope of the invention. They have been included in the 
patent application for comparison. 

10 In the case of the catalysts listed in Table II the cobalt 

was deposited exclusively by kneading. Of these catalysts R « 1 
and therefore the quotient of L by S should lie between 0.7 
and 7. Of the catalysts listed in Table II Catalysts 15, 16 
and 18-21 are catalysts according to the invention, having L/S 

15 between 0.7 and 7. Catalysts 14 and 17, having L/S >7 or <0^7, 

fall outside the scope of the invention. They have been included 
in the patent application for comparison. 
Catalyst testing 

Catalysts 1-10, 14-17 and 22 were used in nineteen experi- 

20 ments (Experiments 1-19) in the preparation of hydrocarbons 

from mixtures of carbon monoxide and hydrogen. The experiments 
were carried out in a 50-ml reactor containing a fixed catalyst 
bed. Prior to the testing the catalysts were reduced in a 
hydrogen~containing gas at 250*C. 

25 In Experiments 1-5 and 19 a H2/CO mixture having a 

H2/CO molar ratio of 2 was contacted with Catalysts 1-5 and 22 
at a temperature of 220*C, a pressure of 20. bar and at various 
space velocities. The results of these experiments are given in 
Table III. 

30 Of the experiments given in Table III Experiments 2, 3, 5 

and 19 are experiments according to the . invention. In these 
experiments use was made of catalysts according to the invent- 
ion which showed both a hi^ activity (expressed as g C^'^'/g 
cobalt/h) and a high stability (expressed as %v loss of CO 
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conversion/ 100 h). Experiments 1 and 4 fall outside the scope 
of the invention. The catalysts used in these experiments have 
too low stability. The catalysts used in Experiment 4 moreover 
had too lov activity. 

In Experiments 6-14 B2/CO mixtures %9ere contacted with 
Catalysts 6-10 at various temperatures, pressures and space 
velocities. The conditions under which the experiments were 
carried out, as well as the results of the experiments, are 
given in Table IV« 

Of the experiments listed in Table IV only Experiment 13 
is an experiment according to the invention. In this experiment 
use was made of a catalyst according to the invention which 
showed both a high activity (expressed as g Ci*/g cobalt/h) 
and a high stability (expressed as Zv loss of CO conversion/ 
100 h) . Experiments 6-12 and 14 fall outside the scope of the 
invention. As is seen from the results of Experiments 8, 10, 
12 and 14, in Experiments 6-12 and 14 use was made of cata- 
lysts having both too low activity and too low stability. 

In Experiments 15-18 a H2/CO mixture having a H2/CO molar 
ratio of 2 was contacted with Catalysts 14-17 at a temperature 
of 220*C, a pressure of 30 bar and at various space velocities* 
The results of these experiments are given in Table V. 

Of the experiments mentioned in Table V Experiments 16 
and 17 are experiments according to the invention. In these 
experiments use was made of catalysts according to the invent-* 
ion having both a hig^ activity (expressed as g C^Vg 
cobalt/h) and a high stability (expressed as Zv loss of CO 
conversion/1000 h). Experiments 15 and 18 fall outside the 
scope of the invention. In these experiments use was made of 
catalysts having both too low activity and too low stability. 
Catalytic hydrotreatment 

An Experiment 20 was carried" out in which at a temperature 
of 345*C, a pressure of 130 bar, a space velocity of 1.25 l/l/h 
and a hydrogen/oil ratio of 2000 Hl/1 the C5* fraction of 
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the product obtained according to Experiment 13 was passed, 
together with hydrogen, through a 50-inl reactor containing a 
fixed catalyst bed. The catalyst was a Pt/Si02-Al203 catalyst 
containing 0.82 pbw platinum per 100 pbw carrier, the carrier 

5 consisting 14.6 %w of alumina and 85.4 %w of silica. The re- 
sults of Experiment 20 are given in Table VI. 

From the results mentioned in Table VI it is seen that 
when a catalytic hydrotreatment is applied to a product pre- 
pared according to the invention, there is conversion of a 

10 considerable part of the 400*C+ fraction (a fall from 37 to 
13 Xw), formation of a considerable quantity of 150-360'C 
fraction (a rise from 43 to 63 %w> , whilst only a very minor 
150*C~ fraction is formed (a rise from 13 to 17 %w). 
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TABLE II 



Catalyst No. 


14 


15 


16 


17 


18 


19 


20 


21 


Co load, 

pbw/100 pbw Si02 


25 


25 


20 


10 


25 


25 


25 


20 


Zr load, 

pbw/100 pbw Si02 


0.9 


0.9 


0.8 


0.4 


1.5 


1.8 


18 


10 


L, mg/ml 


130 


110 


84 


38 


120 


126 


115 


92 


S, mVml 


15 


25 


68 


85 


41 


22 


88 


71 


L/S, ng/B^ 


8.7 


4.4 


1.24 


0.45 


2.9 


5.7 


1.31 


1.30 
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TABLE III 



Experiment No. 


1 


2 


3 


4 


5 


19 


Catalyst Mo. 


1 


2 


3 


A 


5 


22 


Space velocity, 
HI gas/l cat/h 


ISOO 


2000 


600 


300 


800 


1500 


Initial CO conversion, 
Zv 


85 


75 


77 


66 


72 


79 


Ci* production, 
g/1 cat/h 


265 


312 


96 


41 


120 


246 


Ci* prfxluction, 
g/g cobalt/h 


2.5 


3.2 


2.7 


1.7 


3.0 


2.3 


Loss of CO conversion, 
Zv/100 h 


15 


7 


9 


14 


7 


7 
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TABLE V 



EsEperinent No. 


15 


16 


17 


18 


Catalyst Ho. 


14 


15 


16 


17 


Space velocity, 
HI gas/l cat/h 


600 


800 


700 


300 


Initial CO conversion, 
Zv 


80 


72 


76 


65 


Ci* production, 
g/1 cat/h 


100 


120 


110 


40 


Ci*' production, 
g/g cobalt/h 


0.77 


1.1 


1.3 


1.0 


Loss of CO conversion, 
Zv/1000 h 


54 


39 


45 


68 
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Cj"*" product after 
catalytic hydro- 
treatment 




NO 
•— « 


CM 








05**^ fraction of the 
Ci* product of 
Experiment 13 


1 


CO 


< 

CM 


CM 
CM 






Ci*** product of 
Experiment 13 


•1 


<-l 
•—1 




00 
»— c 


VO 


CO 


Composition, 
%w 


1 


• 

0 
m 

m 
0 


150-250'C 


250-360"C 


360-400*0 


+ 

« 

0 
0 
<r 
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K 5694 

CLAIMS 

1. A process for the preparation of a catalyst, character- 
ized in that by kneading and/or impregnation a catalys^t is pre-- 
pared vhich comprises 3-60 pbw cobalt and 0.1-100 pbw of at 
least one other metal chosen from rirconium, titanium or chrom- 
ium per 100 pbw silica, alumina or silica-alumina and which 
catalyst has such L and S as to satisfy the relation 

(3 * 4R) > - > (0,3 + 0,4R), wherein 
S 

the various symbols have the following meanings 
L « the total quantity of cobalt present on the catalyst, ex- 
pressed as mg Co /ml catalyst, 
S « the surface area of the catalyst expressed as m^/ml cata- 
lyst, and 

R » the weight ratio of the quantity of cobalt deposited on the 
catalyst by kneading to the total quantity of cobalt present 
on the catalyst. 

2. A process as claimed in claim 1, characterized in that 
both during impregnation and during kneading the carrier 
material is contacted with a solution of the metal compound 
involved in a solvent. 

3. A process as claimed in claim 1 or 2, characterized in 
that in order to deposit the cobalt use is made of a solution 
of an inorganic cobalt compound in water. 

4. A process as claimed in any one of claims l-*3, character- 
ized in that in order to deposit the other metal use is made of 
a solution of an organic metal compound in an organic solvent 
or mixture of organic solvents. 

5. A process as claimed in claim 4, characterized in that 
the organic solvent consists at least partly of a /^--diketone 
or p-keto-ester. 
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6. A proceBS as claimed in claim 5, characterised in that 
the solution comprises more than 0.5 gram molecule of a 0*di- 
ketone or /S^keto-^ester per gram atom of the other metal. 

7. A process as claimed in any one of claims 1*6, char ac*- 
5 terized in that during impregnation a quantity :pf liquid is 

used, the volume of ^ich corresponds subs tantially With the 
pore volume of the carrier to be impregnated. 

8. A process as claimed in any one of claims i-T. charac- 
terized in that during kneading a quantity of liquid is used, 

10 the volume of Which corresponds substantially vith 110-190Z of 
the pore volume of the carrier. 

9. A process as claimed in any one of claims l-^S, charac-* 
terized in that the composition obtained is calcined after each 
impregnation or kneading step. 

15 10. A process for the preparation of hydrocarbons by cata- 
lytic reaction of carbon monoxide with hydrogen, characterized 
in that a R2*'and-C(>-containing feed is contacted at elevated 
temperature and pressure with a catalyst as claimed in any one 
or more of claims 1-9 which catalyst has previously been 

20 reduced. 



